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(54) Galenical retard formulations 

(57) A solid dispersion of a pharmacologically active agent in a crystalline matrix as a carrier is characterized by an 
agent which 

a. has a solubility of maximally. 0.01% at 37"C in water, 

b. is present in the matrix at a total concentration of more than 5 percent of weight, 

c. is present in the matrix at a concentration of above 5 percent by weight in a coherent crystalline form. 
The matrix can be a polyalkylene glycol and the active agent may be a dihydropyridine etc. 
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SPECIFICATION 

M vel galenical retard f rm 

5 the invention relates to forms of pharmacologically active agents having contr lied release properties v 5 

and esi3ecialty to solid dispersion forms of such agents having sustained release properties of the agent ; 
'.'in dn aquebUs medium. ' \ • ; ■ ''^^;V-r\:;^;/:--; 

; 6y tncbr^oratihg dn active agent in a solid dispersion or solution up till ndvv merely an accelerated ;/ . /J 
v .: release was realised: For exarnpfe solid dispersion forms of medicaments are known, e.g. from the Ge^ 
id man Offenie^ungsschrift No. 2.549.740, irt which solid dispersions of grtseofufyin in polyethylene glycol j 10 
are described. The tow dissolution rate and accordingly (see page 11, liries 4-5) the low bioavailability of % 
griseofutvin were improved by the prepdiration of a solid dispersion of griseofulvih in polyethylene gty- 
coi. In the specifically described medicament formulation, a tablet, a disintegrant had to be added to the 
solid dispersion granulate sirice it appedred that a greatly improved dissolution rate of griseofulvin was 
15 again receded. The pressure applied in the production of tablets led to considerable cohesion between . 15 
the tablet particles as a result of the strong cohesion between the poiyet^^ 

The disintegrant, crossiiniced polyvinylpyrrolidone was added. In order to be able to re-form the origi- 
nal granulate particles of the tablet, in which the griseofulvin was present in a faster soluble form. 
The water soluble polyethylene glycol* in contact with an aqueous medium, is extracted froni the gran- 
20 ulate by diffusion, the finely divided griseofulvin coming into a situation to dissolve quickly. 20 
According to the German Auslegeschrift No. 2.546.577 an increase of the dissolution rate and the re- 
sorption of salts of difficulty water soluble ergotamine compounds (especially of ^d^ 
methanesulfphonate, of dihydroergocristine-methanesulphonate, of dihydroergocryptine-methahesut- 
phonate and of dihydroergocornine-methanesulphonate) is.obtained when the salts are present in solid 
25 solutions in polyalkylene glycols and especially in polyvinylpyrroiidohe of a molecular weight above 25 
10.000. The mentioned drugs have in methanesulphonate salt form a water solubility above 0.01 % and 
are in this respect distinguished from the active agents used according to the invention. 

According to the European application No. 78430 an increase of the dissolution rate and a maintenance 
of the resorption of dihydropyridines, especially of Nifedipine and of Nimodipine is obtained on dissolv- 
30 ing th s agents together with polyvinylpyrrolidone, e.g. having a molecular weight of 25.000, in a small 30 
quantity of a liquid organic solvent such, that the solid particles are only just dissolved after which this 
solution is mixed and granulated witti solid carriers having a large capacity to absorbe, leading to evapo- 
ration of the organic solvent. 
Th drug is present in the solid polyvinylpyrrolidone in a dissolved state and shows on contact with an 
35 aqueous medium an increased dissolution rate. Both these features distinguish these known products 35 
from th compositions of the present invention. 

According to the Canadian patent No. 987.588 an increase of the dissolution rate and of the bioavaila- 
bility of difficulty water-soluble drugs is obtained when they are present as solid dispersions in polyethyl- 
ne glyc Is and in other water-soluble matrix materials* e.g. pentaerythritol, pentaerythritol tetraacetate 
40 or citric acid. 40 
Th known drugs digitoxin 17-methylte5tosterone, prednisolone acetate and hydrocortisone acetate are 
present at concentrations up to 5 ?o in the matrix material, thus giving dispersions which are different 
from the dispersions according to the present invention. The drug griseofulvin has, as indicated above, a 
water-soliibiiity of more than 0.01 and is therefore distinguished from the active agents used according 
45 to the invention. 45 
We have discovered that if solid dispersions of pharmacologically active agents. pracL-'^ally Insoluble in 
water ar employed in such a matrix material, no significant expected increase of the dissolution rate in 
aque us medium Is observed. Instead a decrease is obtained, without a material loss of bioavailability. 
We have additionally discovered, that the decrease of the dissolution rale may be attributed to a cohcr- 
50 ent crystalline form of the drug, hereinafter referred to as a secondary structure, which form may be 50 
maintained even if the water-soluble matrix material is removed on contact with an aqueous medium, 
e.g. water. 

T permit the secondary structure to be formed, it is preferred to have the drug in the solid dispersion 
present in a concentration above 5**o, and for more than 5 percent by weight in a crystalline form prcfera- 
55 biy as panicles of a diameter below 5 micrometer and having a water-solubility up to 0.01 "^o, preferably 55 
below 0.005 percent by weight. 

The prRsent inv ntton therefore pr vides in one aspect a solid disp rsion f a pharmacologically active 
agent in a water-soluble crystalline matrix as a carrier, in which th active agent 

a) has a maximum solubility of 0.01 **o at 37 C in water. 
60 b) is present in the matrix at a total concentration of above 5 percent by weight, and 60 

c) is present in the matrix at a concentration of above 5 percent by weight in a coherent crystalline 
form. 

This solid dispersion has in an aqueous medium a decreased dissolution rale. 
A decreased dissolution raie was established in the following cases in the art:- 
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German Offenlegungsschrifi No. 1.617.362 describes suspending pharmacologically active agents, parr 
ticularly theophvlline. in molten waxes for the preparation of galenical forms having a decreased dissotu- 
*" lion rate in a aqueous rneriium. As a wax polyethylene glycol is used. r/i V:;r^j« 

However, the solubility of theophylline is not low enough (above 0.01 %) and nly the additiorial incoK j^li^- 
. 5 poratipn of conventional retardation excipients. lik beeswax or stearic acid can cause a satisfactory ci^^^^S 
crease of the dissolution rate off the drug. vl^^^"^ 

According to German Offenlegungsschrifi No. 3.318.649 d two phasic soltd |9hairrnacetitical CompdsitldK^ 
ts described which contains crystalline Nifedipine and separately a solid solution of Nifedipine in a miii:H]^| 
material/ particularly in poiyvlnylpyrroltdpne. On contact with an aqc<?ous medium. Nifedipine is dis^1^^M| 
10 solved from the solid solution at an increased dissolution rate and from the solid Nifedipine crystals Itji^, 
decreased dissolution rate. ■ . '^''ti^lSft. 

According to the present invention only a solid dispersion of the drug is present, which on contact Witjii ^^ 
an aqueous medium causes the releaise of the drug at a decreased rate, . ':SSf§^^ 
For the solid dispersion according to the invention the choice of the pharmacologically active agent i$ 
1 5 not critical, provided that its solubility and crystallisation conditions are met. ^ vB^ 

It is a simple and routine matter to test whether a given active agent complies with the required contft-Sfes 
.tions. . . ■. -. ' . -.^ ■ ; ' . ' . ^^^^^$0"^ 

Th practically insoluble pharmacologically active agents in the'dispersion according to the invention : J": 
are e.g. dihydropyridines/ particularly the 1,4-dihydro- 3,5-dicdrboxylic acid diester-2,6-dimethylpyridin^s, Cf; 
20 especially such having an optionally substituted 4-phenyl or a 4-phenyl derivative group. iO, 
A 4-phenYl derivative group is e.g. the 4-(2,1,3- benzoxadiazol-4-yl) group. An example of a drug having w': 
an optionally substituted 4-phenyl residue is the known 4-|2-nitrophenylM,4-dihydro-2,6-dimethyl-5- 
methoxycarbonvl-3-pyridine carboxylic acid methylester (nifedipine). : , ,v 
Examples of drugs having a 4-phenyl derivative group are 4-(2,1,3-benzoxadia2ol-4-yl)-1,4-dihydro-5- v 
25 ethoxycarbonyl- 2.6'dimethyl-3-pyridine carboxylic acid ethyl ester (compound A). 4-(2,1,3)-benzoxadi- 25 
ozol-4-yl)-l,4- dihydro-5-»nelhoxYcarbonyl-2.6-dinriclhyl-3-pyridine carboxylic acid isopropytester (com- 
pound Bl and ( }- (S)-4-(2.1.3-benzoxadiazol-4-yll-1,4-dihydro-5- methoxycarbonyl-1,2,6-trimethyl-3- 
pyhdine carboxylic acid isopropylester (compound CI. 
The dihydropyridines are extensively described in the Literature and have particularly a calciumanta- 
30 gonislrc activity. They are described e.g. as antihypertonics and as medicaments to treat angina pectoris. 30 
The above-mentioned dihydropyridines A and B are known, e.g. from the European patent No. 150 and 
the British patent No. 2.037.766. The di hydro pyridine C is known from the British patent application GB 
2.122.192 A, and is specif icatty described in Example 2c thereof. 
It has been established, that the dihydropyridines, e.g. the compounds A and B are practically water- 
35 insoluble and thus have a water solubility of less than 0.01 *?o. 35 
Processing of them into a solid dispersion form however did not, as expected, result in an increased 
dissolution rate but surprisingly in a significantly decreased dissolution rate (see the comparative tests 1 
10 51. advantageous in compositions which are to be administered once a day. 
This retard effect is aitrilinied to the solid dispersion, e.g. in granulate form, independent of optionally 
40 present excipients. An ndvnntapc Is that no customary drug burst appears and that there is not signifi- 40 
cant decrease of the bio.iviilUibilily (soe the comparative tests). 

The present invention thus provides a pharmaceutical composition for adminiftralion once a day, con- 
taming a therapeutical effective amount of the compounds A or B. The matrix materials are preferably 
pharmaceutical acceptable solid compounds conventionally widely used as pharmaceutical excipients. 
45 Since they must preferably be water-soluble, they should have polar properties. Most of these matrix 45 
materials thus have polar i}roups. e.g. oxy groups, especially hydroxy groups. 

The preferred oharmacnuticn! compositions contain a solid dispersion of pharmacologically active 
agents in a polyatkylene tilv^^ol. p-rticularly in a poly(C. .lalkylene glycol, e.g. in a polyethylene glycol. 
The polyethylene glycol preferably h^s a inolecular weight from 1000 to 20.000. especially from 4.000 to 
50 20.000, particularly from 4.000 to 8.000. e.g. 6.000. 50 
The solid dispersions may be obtained t)y dissolving the active agents at a concentration above 5 per- 
cent by weight, in the luiuified dispersing agent and solidifying the obtained mixture. 
Liquifying tfie dispt^rsiiui ncjent may occur by melting or by addition of a liquid organic solvent. 
Solidifying of the liqiiiii active an«nt v^ontaining dispersing agent may occur e.g. by cooling or by evap- 
55 nrating the liquid orp.inir solvorit. 55 
The present invention tluis ;iisi) provides o process for the preparation of a solid dispersion of a phar- 
macologically active aiient m a cryst.iMine matrix as a carrier, characterized in that an active agent, hav- 
ing a maximum solubility of 0.01 pi oferahly below 0.005 "o. in water at 37 C. is dissolved at a 
concentration of above 5 porcont hy weight in a liquified matrix and the obtained mixture is transformed 
60 to a solid form and the active ngent ts crystallised. 60 
After obtnininq the solid dispersion it may be reduced to a conventional particle size, giving a granu- 
late useful for further processing. 

At least 5 percent of wtficiht of tl>e ilrufi particles present in the solid dispersion are so small, that it is 
impossible to see thon> hv convt^iitionjl optic;il measurements, since if suspended for measurement pur- 
65 DOses in an aqiuxnis nit"'*]iun\ they oppoiir to ttave a Brownian perpetual nnotion. 65 



H«^ lhe panMMareaMumed gtnerallviohave.()iame»r f S micfo^ 



^^yJ^^^P ctra ishow further that biath drug and matrix material L tu^ At^l • . 

m .1 I. . .. . II 



If # V^^ appropriate dose of the active agent amounts oreferabfv tin tn or^h * 
|;t5 espedally U0 to 100 mg for compoanA andCS^S^SSS^STuJ^U^ 

compound B per day. For a rationally admlnistrable dispersion quantitj acon^SlV^l\n? oL 

Aftlr^SS'n'lfrh "'^'"^^"'^ "^^^ » Of « most 100 micrometres 

.25adt?nT?;i;:;t^rcr^^^^^^^ 

form of crystals having a diameter^f at mosTl i^^^^^ 

30 The particle size of the granulate contributes to the controlled release effect accordinn »« »h- : 
(larg r particles cause a greater decrease of the dissolution raie. s^ curJero to w fn Rc. r h^^ 

micromeire, enclosed in an unehangtM swie Proceeded from Ihe panicles ol up lo S 

.oirn,r™°:riors^^^^^^^ 

active agen, structures belono to the preserltin "nSon «'SI«'S.ors anS secondary 

so'.t^Xnt'rHttr:;!^.^":^^^^^^^ 
r.or^;';^cVth:,'„Tgrtr ">« »• *• *sp;,sio„\*.2t;'S,ic,es. , 

n,e*.';t,',S°""' °' and the pore .„lun.e „e 
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The present invention provides the secondary structure of an active agent of a diameter of preferably 
from 50 to 2000, more particularly from 90 to 1000, especially from 125 to 500 micr metre, having a ;> \ V v -j:: ; 
porous structure, characterized by a specific surface of 1 to 15 mVg, pref rably from 2 t 12 -2/g, meai-t' ^ " 
ured according to the BET-method and by a pore volume of 20 t 95%, measured by mercury*por ^ni^i^S^^^^ 

■5Wv ■ *■ . • : 

The solid dispersion particles as vt^ell as the secondary structure particles are usable for the prepar^lSl^^ 
of pharmaceutical compounds. v 
The present invention thus provides also pharmaceutical compositions contairiing the solid disper|Sp^Ml 
; granulate or the -secondary structure particles. . . . 

10 Pharmaceutical compositions containing the solid dispersion granulate cdn be considered ad d^l^<^|c¥f^^^i^^ 
precursor forms of corresponding compositions containing the secoridary structure particles^ sihcd theQ 
behaviour in the body is comparable with that of pro-drugs. 



For the preparation of the pharmaceutical oral administration forms contaihing the solid dispersioiri^iiil^^S^^ 
granulate of the solid dispersion may be mixed in a conventional manper with suitable phamlaceutical^tfl^i 
15 excipients, e.g. a filling agent, such as lactose, a glidart, e.g. sittcor) dioxide and a lubricant, e.g. magrie^^^p^l^: 
slum stearate (see. e.g. examples 2, 5, 6 and 9) and optionally a desintegrarit, such as crosstinked polyyil^i;>4^^; 
nylpyrrolidonq, e.g. crosspovidone (see e.g. examples 2, 3, 5 and 6), or sodium carboxynrtethylceliulosd:S^#;|%|^ 
(see example and may be maViufactured to conventional solid oral administration fomris, such as tab- ^Sc^^^^^^^ 
■| ts or capsules. ' .■.'■*■- ■ .. . , 

20 For the preparation of tablets the solid dispersion granulate may preferably be mixed with elg. lactose, I 26 
silicon, dioxide and magnesium stearate (see example 4, 5, 6 and 3). - -if - 

The porous secondary structure agent particles are preferably used in capsules, since they are less able 
tor sist the pressure for tabletting. M 
For the preparation of capsules, the solid dispersion granulate of the secondary structure agent parti- 
25 cles may be mixed in conventional manner preferably with a placebo granulate from suitable excipients 25 
tike lactose, s^tarch and polyvinylpyrrolidone and with a mixture of crospovidone, silicone dioxide and 
magnesium stearate (see examples 2 and 3). The destntegrant may be used for suspending the capsule 
content. 

Generally pharmaceutical administration forms, especially capsules and to a lower extent tablets as , 
30 well show, during the passage through the stomach, a drug burst, which can to a large extent be pre- 30 
vented by applying an enteric coating on it. Suitable enteric coatings include 

hydr xypropylmethylcelluloFephthalate (see example 3,5,6 and 12). If the active agent is resorbed in the 
upper part of the intestines - dihydropyridines are such agents • then such a coating is very beneficial 
and does not impair the resorption process. 
35 Tablets, which contain the components in compressed slate, may need this coating to a lower extent, 35 
but then the desintegrant should be omitted (see the tablet of example 4. which contains no crosslinked 
polyvinylpyrrolidone). ^ 

We have established, that capsules; or tablets without an enteric coating may be made if a hydrophobic 
exctpient. such as a fatty acid glyceryl ester, is added to ihe solid dispersion (see examples 8 and 9 and 
40 comparative test No. 4). This hydrophobic ester reduces the drug burst in the stomach and may not sig- 40 
nificantly disturb the resorption process in the intestines. Such compositions may be prepared by dis* 
solving the pharmacologically active agent in the liquid matrix and emulgating the obtained mixture with 
the hydrophobic substance, e.g. the fatty acid glyceryl ester, as much as possible, after which the ob- 
tained mixture may be solidifed by cooling. , * 
45 Preferred fatty acid glyceryl esters are physiologically acceptable esters, like (CoJfalty acid, e.g. palmi- 45 
tic and or stearid acid glyceryl esters. These esters may be, e.g. mono-, di- and or triesters of glycerin. 

The amount of fat is preferably up to 60 percent of the total weight of the solid dispersion, e.g. 5 to 
60*0. and is pariiuclarly up to 15 to 25%, e.g. 20°o. 
The sustained release compositions according to the invention may be used to administer very differ- 
50 ent. practically water insoluble classes of active agents. They may be used for their known indications. 50 
The tiuantities of active ogcntc to be aoministered may be dependent on various factors, e.g. the con- 
ditions to be treated, the duration of treatment desired and the rale of release of the active agents. 

The amount of each active agent required, and the rate of release may be determined using in vivo 
techniques, e.g. measuring the concentration of active agent in the blood serum. 
55 The pharmaceutical compositions of e.g. the compounds A and B may be used e.g. for the same indi- 55 : 
cations as described in the European patent No. 150 dnd in the British patent No. 2037766. 

For the antihypertonic use e.g. up to 250, especially up to 200, particularly 50 to 100 mg of compound 
A and up to 50, especially up to ?5, pnrticularly 10 to 20 mg of compound B are used per day. 
The present invention provides especially a pharmaceutical composition for plasma levels of 2 to 8 ng 
50 of compound A per ml during a? least 22 hours, in the event that it contains one dosis of 50 mg of the 60 
active agent. Basis for this observation are the plasma level curves 1, 3, 4, 5 and 6 to 13 in Fig. 1 to 4. 

The present invention also provides a pharmaceutical c mposition for plasma levels of 1 to 2.5 ng of 
compound B) per ml, during at least 22 hours, in the event that it contains one dosis of 10 mg of th 
active agent. Basis for this observation are the plasma level curves 23 and 26 in Fig. 7 and 8. 
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The plasma level of compound A for curves 1 to 13 in Rg. 1 to 4 (c ncentrations vs. time) may be 

S:. d 

^l^k: A plasma sample of 1 ml, adjusted with NaOH to pH 13, was extracted with toluene, the toluene was 
' '^ij^v^pprated and the residue diss Iveci in 0.5 nil of toluene. 2 microtitres of the formed solution were sep- ; 
^S^jrateid at 306X in a OV 17 column {G^o on Gaschrom Q 100- 120 hiesh) using a airgon/meth^ne gas I9S,5 , 
^^bliim^/v^olume) mixture as a carrier;.aas (rate 60 ml/min). The analysis may be carried; out using an elec-^^^f 
^^^^^b*i;ddptUre detector. The retention tJme of compound A wds 3.1 rtiin. > >U'> - : ^iSs^:^ 
^^^ll 'rtldr of the compound was catculated by peak measurement in bomparison to the peak of /|p ^ 

-^r^^Sri Iflterrtai standard. The detection limit is 0.5 ng of active agent per ml of pldima. ^ ' . ^ 
If lO ^vThe ciissolution rale of compound A in vitro for curves 14 to 22, of compound C in example 13 and of |§fipSf? 
Ill^^fhifie'dipine In example 14 Idissolved quantities in percent by weight VS* time) Was determirted in 1000 ml S^^?^ 
ft^t^f Solvent rriedium at 37X according to the Rotatidn-Paddle- Method (USP XX) at 50 rotations per min. Kf^^W 
S&^for compound A and for nifedipine an aqueous OJ HCt solution was used as the solvent medium. After 2 "-^ 
W^:r(hovts the pH was adjusted by addition of a tenside containing buffer solution of pH 6.8, Compound C )^^? -I* 
&: 15 wa^tested in a netural tenside containing aque^^ 

^-^"Mr 20 microtitres of a filtered sample of the solution of active agent and of a reference solution were sepa- 
^ : ; r chromatographicatly in 2 columns of a length of 10 cm and a diameter of 4.6 mm, containing sub- 
istance RP.18; 5 micrometre as a stationary phase and with methanot/water 85:15 <v/v) as a mobile phase 
and at a pressure of 150 bar at room temperature and were measured at a wave length of 326 mm. 
20 The plasma levels of compound B for curves 23 to 26 in Rg. 7 and 8 were chromatographically deter- 
mined as well. A plasma sample of 2 ml, adjusted with NaOH to a pH 13, was extracted with toluene. The 
toluen was evaporated and the residue dissolved in 25 microlitre of toluene. 2 microlitre of the formed 
sotittioh were separated at a temperature of 300'C in a OV 17 capillary column (internal diameter of 0.3 
mm and a length of 25 ml. using heliuni as a carrier gas, (pressure at the input: 0.7 aim: of excess pres- 
25 sure). 

Th analysis was carried out at a temperature of 300 C using an electron capture detector with an ar* 
gon methane (30:10 vol vol) gas mixture (rate 30 ml min) as additional gas. The retension time of com- 
pound B) was 11.5 mIn. 

The calculation of the concentration of compound B was carried out analogously as described for com- 
30 pound A. The detection limit is 50 picogram of active agent per ml of plasma. 

Example f : 4-(2J,3'benzoxadtazof'4'yihf,4' dihYdro-5'Carboxy'carbonyl'2,6-di'm^ 
acid ethy fester (compound A/ 

Preparation of the solid dispersion: 
35 4 parts by weight of scaly polyethylene glycol 6000 are melted at 55 to 63 C and heated to about 85X 
while stirring. 

One part by weight of compound A are added and dissolved completely while stirring at a constant 
temperature. The solution is then rapidly cooled by pouring it into a metal sheet, where it solidifies in a 
layer th.:kness of about 2 mm. After cooling to room temperature the solidified layer is detached from 
40 the sheet, reduced to coarse pieces and then passed in stages through sieves of decreasing mesh {2.5, 
1.0 and 0.5 mm} or reduced to small pieces in a hammer-mill so that a granulate is produced, usable forV 
the preparation of a tabtetting or capsulating mixture. 
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Example 2 

Hart gelatine capsule 



45 



50 



Components 
1. 



2. 



Compound A - polyethylene glycol 
6000 granulate (20°bl, prepared 
according to example 1 
Placebo granulate of 



quantities in mg 



250.0 



50 



55 



60 



Lactose 83 parts 

Cornstarch 10 parts 

Polyvinylpyrrolidon 6 parts 

Crossli nked polyvinylpyrrolidone 
Silicon dioxide - 
Magnesium stearate 



41,0 

6.0 
1.5 
1.5 



300.00 



Both granulates Land 2.are mixed. Components 3. to 5. are mixed as well, alter which the mixture of 
65 1. and 2. is mixod with the mixture of 3. to 5. and is filled in gelatine capsules of a suitable capacity. 



55 



60 
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Excimpfe3 

The hard gelatine capsule f example 2 is enteric coated in conventional manner in VVurster eolumn 
with a mixtur f 



hydroxypropyl-methytceltulose-phthaiate 
and' /^{'r.- ' :.■ ■ r-^''^-'^ 

diethyiphthalate f vl 



33.3 mg 
• 3.3 mg 



Exampie4: 
Tabfet 
Components 



15 1. 



20 



2. 
3. 
4. 



Compound A - polyethylene glycol 
6000 granulate (20%K prepared 
according to example 1 
Lactose, anhydrous 
Silicon dioxide 
Magnesium stearate 



qiiantity In mg 



250.0 
188.5 
2.5 

ao 

450.0 




25 



30 



35 



40 



45 



The components 1. to 4. are briefly mixed, the mixture is sieved (630 mikrometre mesh), mixed again 
and tabletted in conventional manner. 

Example 5 - 
Tabiet 

Components: 



1. 



2. 
3. 
4. 
5. 



Compound A - polyethylene glycol 6000 
- grariulale (20%), prepared according 
to example 1 
Lactose, anhydrous 
Crosstinked polyvinylpyrrolidone 
Silicon dioxide 
Magnesium stearate 



quantities in mg 



250.00 

177.25 

11.25 

2.50 

9.00 



Th components 1. lo 5. are mixed and tabletted as described in example 4. 
The tablet is enteric coated as described in example 3 with a mixture of 



hydroxypropyl-methylccllulQse-phthalate 9% 
and 

diethyiphthalate 9% 



50.0 



30 



35 



40 



45 



500.00 
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quantities in mg 



In an analogous manner as described in example 1. a 4% dispersion of compound A in polyethylene 
• V glycol 6000 is prepared at a temperature f 125^C The dispersion granulate is. In a rnanner as described 
irt example 5. compressed to tablets containing 50 and 100 mg of active agent. 

|J:'|ffItonnp6nents:' • ' " ■ 

Kio i|; 1. Cornpound A • polyethylene glycol 6000 

; : granulate (40%» _ " 

lactose, anhydrous . , • 

vVi v J'- S. V Cross-linked polyvinylpyrrolidone 

"V4^ '\ Silicon dioxide. 

: ^5 5. Mafgnesium stearate 

: enteric coating* 



125.0 

65.0 

5.0 

1.0 

4.0 

20.0 



250.0 

130.0 

10.0 

2.0 

8.0 

40.0 



220.0 



440.0 



20 



25 



•A coating of 

hydroxypropylmeihylcellulosephthalate 
Titanium dioxide 
Iron oxide, yellow 



The coating is applied to in conventional 
manner in a Wurster column 



percents by weight 

93 

3.5 

3.5 . 



20 



25 



Comparative test No. i . , * c ^ 

30 A conventional uncoated hard gelatine capsule containing a granulate of components 1. to 5. and 
xternal phase of a mixture of components 6. to 9. 



an 



35 



40 



45 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 



Compound A 
Lactose 

Cross-linked polyvinylpyrrolidone 
Polyoxyethylene-polyoxypropylene polymer 
Polyvinylpyrrolidone 
Cross-linked polyvinylpyrrolidone 
Polyethylene glycol 6000 (solubilizing agent) 
Corn starch 
Magnesium stearate 



quantities in mg 

50.0 

216.0 

6.0 

10.0 

7.5 

5.5 

10.0 

52.0 

3.0 



360.0 



was compared with the enteric coated retarded capsule of example 3 and with the uncoated retarded 
capsule of example 2. 

In 8 healthy fasted male volunteers of 19 to 40 years the enlenc coated retarded capsules of example 3 

produced almost constant plasma levels of compound A (above 5 nanogram ml) from 3 hours till 28 

50 hours after administration (mean curve 1 in Fig. 1). 

Conventional hard gelatin capsules caused in the same volunteers the conventional picture of mean 

curv 2 in Fig 1. the active agent for the most part being released within 6 hours. The areas under both 
curv s 1 and 2 are almost the same: AUC., ' - 210 and 196.2 nanograms ml h respectively. This indi- 
caies that the capsule of the invention has no significant loss of bioavailability. 
55 In a second test the uncoated retarded capsule of example .2 was administered to 8 healthy male vol- 
unteers 4 of the volunteers were also participants in the first test with the enlenc coated retarded cap- 
sule In comparison to the conventional capsule (curve 21 a retard effect is obtained (mean curve 3, in 
Fig. II. However, the uncoated retarded capsule of example 2 has a tendency to cause a drug burst 

(curve 3). . , . ..^ ^- • 

60 From both tests it can now be established, that the combination of the new solid dispersion granulate 

with the enteric coating has an excellent contr lied release effect. 

The retarded capsules of examples 2 and 3. particularly the enteric coaled of example 3. make a once- 

a davadminisirntion possible: of the conventional form 2 to 3 capsules have to be taken a day .n regular 

periods of time. , 
65 • UAC • Area under tlie curve (extrapolated to infinite) 



30 



35 



40 



45 



50 



55 



60 



65 
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Comparative test No, 2 

The conventional uncoated hard gelatine capsule of comparative test No. 1 was c mpared again, but 
instead with the enteric coated retarded tablet of example 5, and tested in another group of 8 healthy 
male volunteers. 

5 The enteric coated retarded tablet bf xample 5 produced plasma lev Is of the mean curve 4 in Fig. 2 I 
and the conventional capsule of comparative test No. T produced a mean result, comparable with curve 5 
2. The entcHc coated retarded tablet of example 5 produced practically constant plasma levels of com- If 
pound A (about 6 to 7 ng ml), from 5 and till 32 hours after administriation (curve 4). 
Again/fhere »$ no significant loss in (relative) bioavaiiability, using the enteric coated retarded tablet It I 
10 makes a once-a-day-adminislration possible; The conventional hard gelatine capsule has to be taken 2 to1f 
3 times a day. 

Comparative test No, 3 

In a further human study with 8 healthy male subjects, the norn>al uncoated capsule, described in com- 
15 parative test No. 1, was compared in a cross-over design with three additional formulations, including 
the enteric coated retarded tablet of example 6 containing 50 mg of compound A in a 40% solid disper- 
sion in polyethylene glycol 6000. 

In this study all formulations were administered to the fasted subjects with 150 ml of water. A standard 
breakfast was given 2.5 h later. 
20 The nnean curve 5 in Fig. 3 shows the plasma levels of the enteric coated retarded tablet up to 72 
hours. * 
Concentrations between 3 and 5 ng ml arc obtained from 7 to 36 hours after digestion, a duration of 
, absorption lasting 29 hours. In comparison to the normal capsule the relative bioavailability of the retard 
tabiyt was 88V with a standard deviation of 36%. This value is not statistically different from 100%, on 
25 the basis of a paired t-test, indicating no loss of bioavailabiJity. 

A remarkable feature of the pharmacokinetic behaviour of this retard tablet is the relatively low intra 
individual variability, seen in the individual kinetic profiles curves 6 to 13 in Fig. 4. 

Ir: jII cases the plasma levels are seen to fait within the 2 to 8 ng/ml range with no significant drug 
burst occuring in any subject. Furthermore, the presence of the gastrb-ristant coating gave a highly re- 
30 produceable lag time prior to absorption (2.6 0,8 h) when the tablets were administered in the fasting 
Stat . 

These results demonstrate, that an enteric coated tablet composed of a 40% solid dispersion perform 
an excellent form to permit a once-a-day application of 50 mg and potentially higher doses, e.g. 100 mg 
of drug. 

35 

Example 7: 4-(2, h3'benzoxadia2ol'4'y1)-U4' difiydrO'5-methoxycarbonyl'2,6-dimethyf'3-pyridinecarboKylic 
acid isopropytester (compound B) ■ j 

Preparation of the solid dispersion and of the dispersion granulate: 

6 parts by weight of polyethylene glycol 6000 are mixed with 2 parts by weight of a commercial mix- 
40 liire comprisinc) mono-, di- and trieslers of palmitic and stearic acid and glycerol (Prectrole*) and'with 2 
parts by weight of compound B, then melted at a temperature of 75 to 85,dgC and dissolved as much as 
possible while intensive stirring at a constant temperature of 70 C. The mixture is then cooled rapidly to 
room temperature by pouring it onto a precooled metal sheet and keep at 4 C for 3 hours. It solidifies as 
a layer of approximately 4mm thickness. 
45 The solidified layer is reduced to coarse particles, which are passed through a hammer mill (type Fi- 
tzpatrick, USA) thus producing a granulate usable for the preparation of a tabletting or capsulaling mix- 
lure. 

The characteristic grjin size of the RRS-B-distribution - X' ca 320 micrometre, 
n ca. 3 (reciprocal niediiure for the distribution range) 
50 (H. Sucker, c.s. Pharmazeulische Technologic, Georg Thieme Verlag, Stuttgart 1978, page 1101. 
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Example $ 

Tablet 

Compoh nts: 
1. 



10 



Compound B • polyethylene gtycol 
6000 - fatty acid glyceryl ester 
mixture-granulate (produced according 
to example 7) 
Lactose, anhydrous 
Magnesium stearate 



quantities in mg: 




120-0 



15 ^Trademark of Gattefosse 



The components 1. and 2. are briefly mixed (5 min.). The mixture is sieved (mesh: 800 micrometres), 
sieved again (10 min.), mixed with component 3. (5 min.) and tabletted in conventional manner on a 
rotary tabtetting rnachine. 
20 The tablets have a diahieler of 7 min. and show a compression strength of A6 Newton. * 

Example 9. 



Tablet 



25 



15 
20 
25 



Components: 



quantities in mg. 



1. 


Compound B - polyethylene glycol 6000- 








fatty acid glyceryl ester mixture 








granulate (according to example 7) 


50.00 




30 2. 


Laclose^ anhydrous 


61.42 


30 


3 


Silicon dioxide 


0.23 




4. 


Sodium carboxymethycellulose 


2.20 




5. 


Magnesium stearate 


1.15 




35 




115.00 


35 


The components 1. 2. and 4. are briefly mixed (5 min.K the mixture sieved (mesh: 800 micrometres) 




and mixed againdO min.). 






Th\2 components 3. and 5. are mixed together with a part of the mixture 1., 2. and 4., sieved (800 mi- 




40 crometres) and mixed with Ihe remainder of the mixture of 1. 


, 2. and 4. (5 min.). 


40 


Comparative test No, 4 






A conventional uncoatcd hard gelatine capsule containing a mixture of components 1 to 6 




45 




quantities in mg 


45 


1. 


Compound B. 


10.0 




2. 


Lactose (filler) 


167.0 




3. 


Sodium laurylsulphate (solubilizing agent) 


5.5 




4. 


Silicon dioxide (glidanti 


1.5 




50 5. 


Corn starch (desiptegrant) 


128.0 


50 


6. 


Polyethylene glycol 6000 (solubilizing 








agent) 


8.0 





320.0 



55 



was compared willi the retarded tablet of example 8, In 8 fasted healthy male volunteers in an age of 19 
to 40 years, the retarded tablet of exampi 8 showed practically constant ulasma levels of drug between 
2.3 and 1 ng ml and. on an average, between 1.5 and 1 ng ml from 2 to 24 hours after administration 
(see mean curve 23 in Fig! 71 The non-retarded conventional capsule showed in the same volunteers the 
60 conventional picture of mean curve 24 and a drug rel ase within 6 hours. 

The areas under both curves 23 and 24 are practically the same: By comparison of the AtJC./ of 
curves 23 and 24 a relatively bioavailability of ven 96.2°o for the retard tablet of exampi 8 could be 
established. 

The retard tablet of example 8 produced, compared with the conventional uncoated hard gelatine cap- 
65 sule. a hardly detectable drug burst. 



55 



60 



65 



Whereas 2 to 3 conventional capsules must be administered a day, divided over regular peri ds of 
time, the retarded tablet makes a once-a*ddy administration possible. 

: Example 10: 

5 Preparation of the solid dispersion and f the dispersion granulate: -^^^w^^^^. 
10 parts by weight of compound B are dissolved at a temperature of 125'C in liquified polyethylene^ &|^^^^^ 
glycol 6000. ' ' '^^-^^M 
the mixture is quickly cooled to room temperature by pouring it onto a precooied metal sheet and 
■ kept' over night. . / \ -^l^M^ 

10 The solidified layer !s reduced to coarse particles and passed through a hammer mill (typ Fit2pairic0|I^Sfo^ 
USA) to obtain a granulate, usable for the preparation of a tabletting or capsulating mixture. •^-^'^^^^'^^^^•..^ 

Example f t: 

15 Tablet 



20 



Components: 

1. Compound B • polyethyten glycol 6000 
granulate (20%, prepared according to 
example TO) 

2. Lactose, anhydrous 

3. Magnesium stearate 



quantities in mg 



50.00 
63.85 
1.15 



115.00 



25 



30 



Tho tablet is produced in an analogous manner as described in example 8 (the sieve had a mesh of 
1250 micrometre). 
Tablets: diameter 7r»im 

compression strength: 40 Newton 

Example 12: 

The tablet of example 1 1 is enteric coated in a conventional manner in a Wurster column with a mix- 
ture of 



2dm 



25 



30 



35 



40 



hydroxypropyl- 

methylcellulose- 

phthalate 

Iron oxide pigment, red. 
Titanium oxide 



quantities in mg 
13.8 



0.6 
0.6 



35 



40 



15,0 



45 Comparative test No, 5 

Two conventional not retarded capsules each containing a mixture of components 1 to 6 



45 



50 



55 







quantities in mg 


1. 


Compound B 


5.0 


2. 


Lactose 


172.0 


3. 


Sodium laurylsulphate 


5.5 


4. 


Silicon dioxide 


1.5 


5. 


Corn starch 


128.0 


6. 


Polyelhyleneglycol 6000 






(solubilizinq agent) 


8.0 






320.0 



50 



55 



were compared with the enteric coated retard tablet of example 12. 
60 The test was carried out as described in comparative test No. 4, with the difference that the number of 60 
volunteers was raised to 1 1. 

The conventional not retarded capsules both together showed the conventional picture of the mean 
curve 25 in Fif]. 8, the druL| was released within 10 hours. 
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The enteric coated retarded tablet of example T2 produced a mean plasma level between 2.5 and 0.8 
ng ml of compound B (mean curve 26) from 3 to 28 hours after administration and had an undiminished 
relative' bioayai>ability/is compared vvith the conventional capsules > 

The enteric coated retard tablet of example 12 makes a once*d*ddy administration possible, whereas ; 
5 the c nvenlional capsule has to be taken regularly 2 to 3 times a day. ' 

Example 13 f-HShHZ h3-beh2oxddidiol'4- ylJ'K4'dihYrdO'5'methoxycarbonYhJy2^^ S-pyri- 
dine-carboxyliC'acid isopropylester (compound C) 

In an analogous manner as is described in the examples 1 and 7, a 20, 30, 40 and 50% dispersion of 
10 compound C in polyethylene glycol 6000 was preapred. 

Of the obtained dispersion granulates which contained 50 mg of compound C, the dissolution rate was 
determined in an aqueous medium according to the Rotating-Paddle- Method (USP XXK 



15 



20 



25 







Dispersion 










granulate 






Time' in hours 








SOP/o 


0 


0 


0 


0 


0 


2 


100 


86 


54 


27 


3 




88 


60 


33 


4 




88 


63 


38 


5 




89 


68 


44 


6 . 




90 


72 


48 



10 



15 



20 



25 



Nifedipine 
Example 14 

30 In an analogous manner as is described in examples 1 and 7 a 20% and a 40% dispersion of Nifedipine 
in polyethylene glycol 6000 was prepared. 

Of the obtained dispersion granulates containing 50 mg Nifedipine the dissolution rates were deter- 
mined in an aqueous medium according to the Rotating-Paridle- Method (USP XXl. 



30 



35 



35 



Dispersion granulate 



40 



45 



50 



1 irne in hours 


200.0 


4(y/o 


0 


.0 


0 


2 


" 5 


0 


3 


29 


n 


4 


5G 


20 


5 


77 


31 


6 


90 


41 


7 


96 


46 


8 


9/ 


51 


12 


98 


63 


16 


99 


72 


20 


^ 101 


79 



40 



45 



50 
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CLAIMS 

U^^Bi^J^^^'''"' pharmacologically active agent in a crystalline matrix as a carrier. In which 

5 a.-' has a maximum solubility of 0.01% at 37 C in water, ' 
b. is present in the matrix at a total concentration of above 5 percent by weight and 
form "'^ '^a'"'' at » concentration of above 5 percent by weight in a coherent crystalline 

2. A dispersion according to claim 1 wherein the active agent is a dihydropyridine 
" dieste^^SXlZdte' '° ' " ' " ' 1.4-ciihydro.3,5.dicarboxync acid 

4 A dispersion according to claim 1 wherein the active agent has an optionally substituted 4.ohenvl- 
or a 4-phenyl derivative group. . kv""''' 

t« i A »^cording to claim 4 wherein the active agent has a 2.1.3-benzoxadiazol-4 yt group 

2 l*riil?hT-J ■'°"h"° to eiaini 5 containing the 4.(2.1,3-benzoxadia2o|.4-y1).l.4-dihydro-5 ethoxy 
2,6-dimelhy|.3-pyridmecarboxylic acid ethylester as active agent. y«y 

7. A dispersion according to claim 5. containing the 4-|2.1.3-benzoxadiazo|.4-y1)-1.4-dihydro-5- meth- 
oxycarbony|.2.6-dimethvl-3.pyridinecarboxylic acid isopropylester as active agent. 
,« o * ^sP^i'S'on according to any one of claims 1 to 7, wherein the matrix is a polyalkyleneglvcol 
20 9 A dispersion containing 4-|2.1,3-ben20xadiazol- 4-vl).l,4-dihydro-5-methoxycarbonyl-2.6-dimethvl-3- 
pyridinccarboxylic acid ethylester as active agent in a polyalkylene glycol matrix ■ 

10. A dispersion containing 4-(2,l,3-benzoxadiazol: 4-y1)-l,4.dihydro-5-methoxycarbonyl-2,6-dimeihvl- 
3- pyridine carboxylic acirl isopropylester as active agent in a polyalkylene glycol matrix 
,c II' « according to any one of claims 1 to 10 in a polylC, ,)alkylene glycol matrix. 

^6 12. A dispersion according to Claim 11 in a polyethylene glycol. 

2o'o6o ^ according to claim 12 in a polyethylene glycol having a molecular weight from 100 to 

14. A dispersion according to any one of claims 1 to 13 having above 5 percent by weight of crvstal- 
line active agent particles of a diameter of up to 5 micrometres. 
30 15. A dispersion according to claim 14, containing additionally entrapped active agent particles of a 
diameter of up to 100 microijiKtres. » k » ui a 

16. A dispersion according to any one of claims 1 to 15, containing up to 80 percent of weight of 

^ 1 7. A dispersion accorciino to any one of claims 1 to 16 in a granulate form 

35 18. A dispersic * ^ * - - 

granulate particle. 



* . , . ... » «J'»<*WIU«b IVIfll, 

A dispersion granulate according to claim 17, having a diameter of up to 2000 micrometres oer 
lie particle. 

19. A secondary structure ol an active agent, obtained from the solid dispersion according to any one 
ol claims 1 to 18, by selective removal of the matrix material. ^ ' 

20. A secondary active agent structure, obtainable from the solid dispersion according to any one of 
w Claims 1 lo 18 after removiii of liie inatiix material with an aqueous medium 

21. A secondary active agent structure according lo claim 19 or 20. irregularly penetrated by fissure- 
like channels and containing small pores having a diameter of below 5 micrometre 

uM. rI:? '7 ^''I'r ^'""'"''^ ^"""'"^ ^ °' ' '° "'' a measures according 

M ,? BtT-method and having a pore volumo of 20 to 95-0, measured by mercury-porosimetry 
4!> 23. A pharmaceutical composition containing a dispersion or a structure according to any one of 

Claims 1 to 22. 

24. A pharmaceutical composition according to any one of claims 1 to 18. in the form of a tablet 

25. A pharmaceutical composition according to any one of claims 1 to 23. in the form of a capsule 
,7 A composition according to any one of claims 23 to 25, in enteric coated lu.m 

w 27. A pharmaceutical composition according to anyone of claims 23 to 25, containing a solid disper- 
sion and a fatty acid glycerol ester tlierein. 

28. A pharmaceutical composition according to any one of claims 23 to 27 lor oral administration 
once a day, in unit dosage form containing up to 250 mg of active agent. 

29. A pharmaceutical composition for oral administration once a day,' containing a therapeutically ef- 
55 f,,ct,ve amount of 4-(2.1.3-ben/oxadia7ol-4.y 1».l,4-dihydro- S ethoxycarbonyl-Ze-dimethyl S-pyririine car- 
boxylic acid ethylester as an active agent. y wy ■ ^oi 

30. A pharmaceutical composition for oral administration once a day containing a therapeutically ef- 
fective amount of 4.(2.1.3-l,e.i/oxadia/ol-4 vl|-1.4-dihydro 5 methoxvcarbonyl-2,b-dimethyl-3-nyridine 
carl)oxylic acid isopropylestor as an active agent. 

60 31. A pharmaceutical composition according to claim 29 capable of prod.icinq on administration or- 
ally a plasma level ol 2 to 8 nq of active agent ml lor at least 22 hours, in the event that it contains one 
dose of 50 mg of 4-(2.1.3.|,on/oxadiazal-4-y1 ).1.4. dihyrlro-5-ethoxycarbonv|.2.6-(limothy|.3.pyridine car- 
lioxyhc acid ethylester as active ai)ont. 
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32. A pharmactM.t.c..l compos.l.on accord.nt, ,o cl.i.m 30 capable of proclucmg on adm.nis.ralion or- 
. Ily p!«smn .«v.H of 1 to 2.b mj of active ..qent ml for at least 22 hours, in the event that .t conla.ns one 
dose of _10 mc, of 4.,2.1.3..,en.oxadia,oi.4.yn-1.4- .iihvdro.S nuMho.vcarbonvl.Ze.cljme.hy'a pj^ 
carboxyhc acid isupropylester as active agent. r Kr c 

5 33. A dispersion, a secondary active acjent structure or a composition thereof, substaruiallv as her- k 
einbeforc describeti with reference to any one of the examples. ^ 

34. A method (or the sustained release of an active agent in a pharmaceutical coiiipositiori by admin- 
isterinp the pharmacmitical composition accnrdtiuj to any one of the claims 23 to 32 

35. A process for the preparation of a solid dispersion of a pharmacoiouicafly active agent in a crys- 

10 tall.ne ri.atr.x as a carn-.-r. characterised in that an active acjent l,av.m, a maximum solubility of O.Oro Jn ,n 
wat..r-at 37 C, is dissolved ai a concentration of al)ove 5 percent by weight in a liquified matrix and the 
olnained mixture is transformed to a solid form and the active agent is crystallised 

36. A process (or the ,)reparation r.f a pharmaceutical composition, characteri^d in that the product 
<.( Ihe process according lu clain» 35 is rerJiic.-d to granulate particle form and is (ormulated into tablets 

15 <» i.afjsulos as unit ilosage (orms. 

37 A process (or the t)reparati<,n of a secondary structure of an active agent, characterized in that the 
product of the ,),oc..ss a.:cur.l,„g i„ cl.nm J5 is reduced to granulate parlicl.. form and t.ie matrix mate- ' 
rial IS selectively rerni^vtMl. 

.38. A pr.ic.rss (o, th.; p,...paration of ., p».an.K,.:,.Mil.cal composition, clu,,.,. t.si/.-u in ihi.t tl-..- orodurt 
20 III Ihi; pro.ri.'ss accordiiiii to rl.iim ;j/ is enciipsiil.iK.-d in ciipsul.rs. ' 
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